INTRODUCTION {#sec1-1}
============

Ceramic brackets are one of the best choices for patients and the most acceptable appliances in orthodontics.\[[@ref1][@ref2][@ref3]\] Besides the esthetic advantage, these brackets are completely durable and are resistance to color change. However, these brackets have some disadvantages. The main clinical problem of these brackets is the risk of damage to the enamel during bracket debonding\[[@ref4]\] that arises from the high bonding strength between the adhesive and ceramic bracket.\[[@ref5][@ref6]\] Fractures and cracks are among the damages that enamel suffers and leads to esthetic concern or expensive operative treatments.\[[@ref7]\] Moreover, the inherent brittleness of ceramic brackets makes the usual debonding methods ineffective for these brackets.\[[@ref8]\] Several ways have been proposed to solve this problem. One of these methods is to use thermal energy to soften the adhesive at the adhesive/bracket interface. A very convenient way to deliver a controlled amount of heat to ceramic brackets is using laser.\[[@ref9]\] Diode laser is one of the most commonly used lasers in dentistry. This laser is small, lightweight, inexpensive, and most importantly portable.\[[@ref10][@ref11]\]

Laser softens the adhesive by increasing the temperature in brackets and teeth.\[[@ref9]\] Heat can damage the proteins of enamel matrix,\[[@ref12]\] change the mechanical properties of enamel, and make it susceptible to iatrogenic damages. Although the organic components make up a small percentage of enamel, they are very important in determining the mechanical properties of enamel such as hardness and elastic modulus.\[[@ref12][@ref13]\] One of the best methods to evaluate mechanical properties of materials with sizes as small as a tooth and biologic hard tissues is Nanoindentation test.\[[@ref14][@ref15][@ref16]\] Although the previous studies have evaluated the effects of diode laser on debonding ceramic brackets and dental pulp, they have not examined its radiation effects on enamel mechanical properties such as hardness and elastic modulus.\[[@ref3][@ref7][@ref17]\] The aim of this study was to evaluate the effects of diode laser for ceramic bracket debonding on the mechanical properties of the enamel by nanoindentation test while the pulp temperature changes were monitored.

MATERIALS AND METHODS {#sec1-2}
=====================

This *in vitro* study was done in Oral and Dental Diseases Research Center in Kerman University of Medical Sciences and Central Laboratory of Isfahan University of technology. In this study, 12 healthy maxillary premolars extracted for the orthodontic treatment purposes were used. The number of samples was specified based on previous studies. Selection criteria included no decalcification or cracking of the enamel surface. After cleaning the roots, teeth were saved in a balanced saline solution of HANK (Gibco, Life Technologies, USA) to reduce demineralization.\[[@ref4]\] All teeth were vertically buried to the CEJ area in blocks of self-cured acrylic resin (Dentsply Ltd., Surrey, England) so that the crowns were out of acryl. Before bonding, access cavity to the pulp chamber was created by high-speed handpiece (Pana-Max, NSK, Japan) with coolant and to facilitate the placement of K-Type thermocouple (K-Type, Gumo, Germany), pulp tissue was removed by endodontic file. Buccal surface of all teeth was cleaned with pumice without fluoride, polished by rubber cup, rinsed, and dried by moisture- and oil-free air.

Bonding of brackets {#sec2-1}
-------------------

The buccal surface of the crown of each tooth was then divided to mesial and distal sides by a hypothetical center line. Eighteen monocrystalline ceramic brackets (Radiance, American orthodontics, USA) were bonded randomly on mesial or distal sides (6 sides, either mesial or distal, remained free) by curing a transbond XT composite resin (Transbond XT, 3M Unitek, Monrovia, California, USA) with LED (Demi, kerr Co., USA) for 40 s (10 s for each side of bracket) \[[Figure 1](#F1){ref-type="fig"}\] after removing the excess resin. Surfaces had been etched with 35% phosphoric acid gel (Transbond XT, Eching Gel, 3M Unitek, Monrovia, California, USA) for 15 s, rinsed for 20 s, and then dried by moisture- and oil-free air before bonding the brackets. The samples were then kept in distilled water bath set at 37°C for 24 h. Following thermocycling for 1000 cycles and temperatures between 5°C and 55°C, the brackets were divided into 3 groups of 6 (control, 1w, and 3w power laser), randomly.

![Bonded brackets on buccal surface.](DRJ-15-354-g001){#F1}

Shear bond strength test and Adhesive Remnant Index test for control group {#sec2-2}
--------------------------------------------------------------------------

The teeth were placed in testometric machine (10KN, M350-10CT, Testometric, England) so that the bracket\'s slot was horizontal. In control group, a sharp Chisel blade was placed at the enamel/bracket\'s base interface and the machine was set at the speed of 0.5 mm/min. The debonding force was measured in terms of Newton and converted to mega Pascal unit (MPa) through dividing the force by the area of bracket\'s base. After debonding, the enamel surfaces and the brackets\' base were examined by stereomicroscope (ST30B2 L, Motic, Spain) with ×10 and they were rated based on the amount of adhesive remaining on the enamel surface and Adhesive Remnant Index (ARI) criterion.

ARI scoring from 0 to 3 is as follow:

Zero: No adhesive left on the surface and the bond break occurred between the adhesive and enamel.

Less than half of adhesive left on the tooth surfaceAt least, half of the adhesive left on the tooth surfaceAll of the adhesive left on the tooth surface and the bond break occurred between the adhesive and the bracket\'s base.\[[@ref7]\]

Shear bond strength test, Adhesive Remnant Index test, and the pulp temperature changes in the study groups {#sec2-3}
-----------------------------------------------------------------------------------------------------------

Following placing a K-type thermocouple inside the pulp chamber of the teeth, brackets of test groups were subject to either 1 Watt (1W group) or 3 Watt (3W group) power. Diode laser (Diode 940 nm, Epic 10, Biolase, CA, USA) irradiation was applied directly to the center of bracket for 3 s \[[Figure 2](#F2){ref-type="fig"}\], and immediately, the chisel blade was placed at the enamel/bracket\'s base interface and the debonding force was recorded. Pulp chamber temperature was recorded by thermocouple before and after laser radiation. Furthermore, the base of the teeth and brackets\' base, regarding to residual adhesive, were scored according to ARI. Again, the samples were buried in acrylic resin. Then, the samples were cut at the level of bracket\'s slot by a diamond saw at low speed and with cooling water (TC 300, Vafaei industrial, Tehran, Iran). The surface of cervical half was polished using a grit 3000 sandpaper (991A softflex, Matador, Germany) and eventually diamond paste with particle sizes of 3 and 1 μ.

![Fixed sample on testometric machine accompanied with laser and thermocouple.](DRJ-15-354-g002){#F2}

The nanoindentation test {#sec2-4}
------------------------

The nanoindentation test was done by CSM indentation tester (Nano-Hardness Tester, CSM, Switzerland) with maximum load of 10 mN by a diamond Berkovich indenter tip. Each test consisted of three parts: 10 s loading up to a maximum amount, 1 s holding in the maximum load, and 10 s for unloading. In this study, our indentation was done in the depth of 1--31 μ from the enamel surface (7 points at intervals of 5 μ) in all surfaces from which the bracket was debonded.

Statistical analysis {#sec2-5}
--------------------

To analyze the data and obtain the results, the SPSS spreadsheet (SPSS Inc., Chicago, IL, USA) was used. The significance level was set at %5 in this study. The ARI, shear bond strength (SBS), changes in pulp temperature, hardness, and elastic modulus data were tested for normal distribution by Kolmogorov--Smirnov that they were normally distributed in this study. The mean value for SBS, hardness, and elastic modulus for all groups were compared with one-way ANOVA and was followed by *Post hoc* Tukey\'s honest significant difference test. Chi-square test was used to compare the ARI percentage in different groups.

One-sample *t*-test was used to compare the changes in pulp temperature in groups with the standard threshold of 5.5°C and independent *t*-test was used to compare the relative pulp temperature changes between groups

RESULTS {#sec1-3}
=======

Descriptive data for SBS are shown in [Table 1](#T1){ref-type="table"}. The statistical analysis showed a significant difference between the control group and other groups (*P* = 0.008) but not between the two groups of 1W laser and 3W laser (*P* = 0.826). [Table 2](#T2){ref-type="table"} shows the descriptive statistics for ARI between different groups. The comparison of ARI scores showed no significant difference between groups (*P* = 0.123).

###### 

Descriptive statistics for shear bond strength (MPa) in groups

![](DRJ-15-354-g003)

###### 

Descriptive statistics for Adhesive Remnant Index score in groups

![](DRJ-15-354-g004)

Statistical analysis showed no significant difference for the mean value of hardness (*P* = 0.482) and elastic modulus (*P* = 0.472) between any of the groups (control, 1W, and 3W). Results can be seen in Figures [3](#F3){ref-type="fig"} and [4](#F4){ref-type="fig"}. In all groups, hardness and elastic modulus of enamel up to 1 μ thick from the enamel surface were lower in comparison with deeper layers, but this was not statistically significant. Elastic modulus of enamel decreased in test groups, as compared to the control group, but this difference was not statistically significant.

![Mean value of hardness at different distance from enamel surface.](DRJ-15-354-g005){#F3}

![Mean value of elastic modulus at different distance from enamel surface.](DRJ-15-354-g006){#F4}

Radiating diode laser with either power of 1W or 3W for 3 s elevated the pulp temperature, but it was significantly \<5.5° (*P* = 0.000). Also comparing pulp temperature changes between the two test groups (1W laser and 3W laser) showed a significant difference (*P* = 0.000) in such a way that the amount of temperature elevation in the group of 1W laser (0.6 ± 0.16) was significantly less than the group of 3W laser (2.35 ± 0.76) \[[Table 3](#T3){ref-type="table"}\].

###### 

Thermal changes of pulp (°C)
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DISCUSSION {#sec1-4}
==========

According to this study, the laser diode with either 1W or 3W power for 3 s is effective in reducing bond strength and consequently in debonding the ceramic brackets without any detrimental effect on the pulp or mechanical properties of enamel.

Previous studies have shown that lasers can be effective in reducing the debonding force of ceramic brackets.\[[@ref3][@ref7][@ref9][@ref17]\] The heat resulted from the laser can damage the enamel matrix protein. Hardness and elastic modulus are strongly influenced by the organic components. Identifying the mechanical changes of enamel at micron level after debonding the orthodontic brackets is important for determining the iatrogenic damages to the enamel during debonding.\[[@ref15][@ref18][@ref19]\] In this study, the debonding force of ceramic brackets was significantly lower in the two test groups (1W and 3W) compared to the control group, but there was no significant difference between the test groups which is consistent with other related studies. In this study, we used a monocrystalline bracket. Feldon *et al*. showed that the diode laser with either 3W or 5W power significantly lowered the bond strength of monocrystalline (not polycrystalline) ceramic bracket because its uniform crystalline structure results in high transmissibility of the bracket and minimizes the loss of energy.\[[@ref3]\]

Similar results have been reported by Almohaimeed and Halim. In their study, precoated brackets (APC plus APCII) and laser with 3W power for 3 s were used. They stated that a laser with 3W power for 3 s is effective in debonding the ceramic bracket.\[[@ref17]\]

Yassaei *et al*. used diode laser with 2.5W power for 10 s in debonding the polycrystalline ceramic bracket and stated that using this laser reduces the risk of damage to the enamel such as crack.\[[@ref7]\]

In this study, diode laser with 1W power (in addition to 3W) for 3 s was used for debonding the ceramic which is the minimum power and energy used in similar studies. Although the debonding force for radiance bracket, when using diode laser with 1W power, is higher than 3W power, but this difference is not statistically significant, and it seems that diode laser with 1W power in debonding the ceramic bracket is effective as much as the 3W power is.

Comparing the ARI score between the groups (control, 1W laser, and 3W laser) showed no significant difference between the groups. This finding is consistent with the studies of Yassaei *et al*. and Feldon *et al*. but it was in contrast with the results obtained from the study of Almohaimeed *et al*. which showed that the laser diode increased the ARI Score\[[@ref3][@ref7][@ref17]\] which can be due to the difference in the structure of base of brackets used in these two studies.

In this study, although there was no significant difference between the groups regarding the ARI Score, but the ARI Score 3 was the most frequent. This finding is consistent with the studies of Romano *et al*. and Fernandez and Canut who showed the highest bond failure at the adhesive/bracket interface.\[[@ref20][@ref21]\] Furthermore, in the samples with ARI score 1, the remaining adhesive pattern was in conformity with peripheral areas of the bracket. This finding might be related to the structure of radiance bracket. Radiance bracket base has the exclusive pattern of "Quad matte." This technology provides a strong bond in the center of the bracket, while the peripheral edges of the bracket base are smooth that makes bracket debonding easier and more predictable.\[[@ref22]\]

In this study, the mean of pulp temperature elevation in test groups was compared with the results of Zach and Cohen\'s study. Their study revealed that if the pulp temperature elevates for more than 5.5°C, 15% of the sample teeth will show necrosis.\[[@ref23]\] Serebro *et al*. and Goodis *et al*. also stated that elevating the pulp temperature up to 5.5°C is tolerable.\[[@ref24][@ref25]\]

In our study, the pulp temperature elevation after laser radiation for 3 s, with either 1W or 3W power, was significantly \<5.5°C which was consistent with the studies of Yassaei *et al*. and Feldon *et al*.

These results can be attributed to this fact that the absorption coefficient of diode laser in enamel is low; thus, the surface energy increases and decreases quickly during and after laser exposure, respectively, and leaves no detrimental effect on the pulp.\[[@ref26]\] Anyway, in these studies, measurements were carried out at room temperature that is lower than the temperature inside the mouth. Hence, it might be slightly different from what is actually happening in clinical conditions.

In this study, there was no significant difference in the mean of hardness and elastic modulus between the groups and between layers. Although the enamel hardness in the groups irradiated with laser was slightly increased compared to control group, it was not statistically significant.

Iijima *et al*. examined the effect of CO~2~ laser in debonding the ceramic bracket on the mechanical properties of the enamel. The results showed that the hardness and elastic modulus of enamel were not affected by CO~2~ laser irradiation\[[@ref12]\] which is consistent with our results on the diode laser. In Iijima\'s study, the hardness and elastic modulus of the enamel up to 1 μ thick from the enamel surface were significantly lower than deeper layer (1--1000 μ) which is consistent with our results; so that in our study, the hardness and elastic modulus of the enamel were also decreased in the superficial 1 μ thick layer after debonding the bracket, but it was not statistically significant.

Iijima *et al*. examined the effect of debonding the bracket on nanomechanical properties of the enamel using self-etch and conventional-etch adhesives. They showed that in conventional etch group, the superficial 1 and 5 μ thick layers had significant lower hardness and elastic modulus than deeper layers.\[[@ref19]\] These results suggest that the mechanical properties of the enamel surface decreased after debonding when conventional etch method was used.

According to these studies, it seems that the reduced hardness and elastic modulus in the superficial 1 μ thick layer in our study was also because of using the conventional etch for bonding the brackets.

Alavi *et al*. examined the effect of bonding the bracket by Er: YAG laser on the nanomechanical properties of the enamel. The results showed that the enamel hardness of superficial 1--21 μ thick layers and elastic modulus of superficial 1--6 μ thick layers in the Er: YAG laser group were significantly higher than the conventional etch and control groups (intact enamel) which could be associated with the changes resulted from the Er: YAG laser on the enamel surface.\[[@ref18][@ref27]\]

Dental enamel contains 85%--95% hydroxyapatite crystals, 8%--12% water, and 2%--3% organic components. Hardness and elastic modulus are different for each tooth because mechanical properties vary according to the mineral content of the enamel, age, and the individual health. These values also vary based on the location (distance from the enamel surface), the magnitude of force, indenter type, organic components, and the direction of enamel rods. These factors may explain the differences in the studies.\[[@ref18]\]

The results of this study show that the use of diode laser in ceramic bracket debonding has no significant effect on the mechanical characteristics of the enamel surface such as hardness and elastic modulus. This was, however, an *in vitro* study and the results may, therefore, be unlike the results of clinical studies. It is also recommended that to evaluate the efficiency of diode laser with 1W power for 3 s which is the lowest energy used in the studies so far, some studies with larger sample sizes may be beneficial.

CONCLUSION {#sec1-5}
==========

Diode laser with 3W and 1W power for 3 s is effective in reducing the bond strength of monocrystalline ceramic bracketIt seems that the diode laser with 1W power for 3 s can be effective in debonding the monocrystalline ceramic bracketThe heat resulted from the diode laser, whether with 3W or 1W power for 3 s, has no destructive effect on the pulp and 1W laser is safer than 3W laser for the pulpDiode laser with 1W and 3W power does not make significant change in the nanomechanical properties of the enamel; therefore, under the conditions of this study, diode laser with 1W power is recommended for debonding the monocrystalline ceramic bracket.
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